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ABSTRACT 
The metal content of 49 tea leaf samples from three different provinces in Vietnam were 
determined using inductively coupled plasma optical emission spectrometry (ICP-OES) and 
atomic absorption spectrometry (AAS). Total 18 elements in tea leaves were determined 
including macro element such as Al, Ca, K, Mg, Mn; trace element such as Na, Ba, Fe, Cu, Zn, 
B and heavy metals (Pb, Cd, Hg, Ni, Se, Sn) and metalloid (As). There was a wide variation of 
metal contents among the tea leaves coming from different province in which K content was the 
highest in all the tea leaf samples from the three provinces, followed by Ca, Mn and Al content. 
Principal component analysis (PCA) was applied in order to determine the different amount of 
metals as main sources of variability in the data sets and to establish the relation between 
samples and metal contents (variables). Linear discriminant analysis (LDA) was used to explore 
the different tea samples grouping according to the metal contents. Among the 18 elements 
found in the composition of tea leave samples, the LDA shows that Fe, Mg, Cd, and As are 
components with major discriminating power for the samples. This confirms that tea from 
different province shows unique elemental fingerprint characteristics that can be differentiated 
one from another and both techniques (PCA and LDA) are able to create for clear separation of 
tea leaf from identical province. However, LDA method could provide better discrimination of 
tea geographical origin over the PCA method. 
Keywords: tea leaves, Camellia sinensis L., metal, trace element, heavy metal, traceability.  
1. INTRODUCTION 
Traceability is now an increasing interest of both food industry and consumers because it 
related to food safety and quality. Consumers request that the origin (botanical, geographical) of 
the products should be confirmed. The discrimination of the geographical origin of various 
foodstuffs has been achieved using a combination of multivariate analysis and/or several 
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analytical techniques. Recently, multielement analysis using ICP-MS or ICP-AES has been 
effectively used to discriminate the geographical origin of various agricultural products. This 
technique has been successfully applied to the determination of the geographical origin of rice, 
coffee, tea, olive oil, milk, meat and wine because the elemental patterns in agricultural products 
are related to the patterns seen in soil [1 – 3]. Concentration of different elements can be used as 
chemical descriptors enabling to differentiate between various specific food products using 
pattern recognition methods, i.e. the principal component analysis (PCA), the hierarchic cluster 
analysis (HCA), the linear discriminant analysis (LDA) [4]. PCA is a statistical procedure that 
uses an orthogonal transformation to convert a set of observations of possibly correlated 
variables into a set of values of linearly uncorrelated variables called principal components. 
Linear discriminant analysis (LDA) is a pattern recognition and machine learning to find a linear 
combination of features that characterizes or separates two or more classes of objects or events. 
The PCA and LDA output consisted of score plots to visualize the contrast between different 
samples [5].         
Tea is the most popular beverage product in the world after water which is made from the 
leaves of a shrub Camellia sinensis L. Tea contains polyphenols, minerals, and trace element 
that are essential to human health [6]. From tea leaves, different kind of tea products are 
processed such as green tea, black tea, yellow tea, white tea, etc., depending on the degree of 
fermentation and process parameters. Several studies have confirmed the classification of 
different tea products such as green teas, black teas, white tea and pur’h tea based on the mineral 
content and the application of chemometrics method [7 – 9]. There are, however, little 
researches on the differentiation of the same kind of tea but having different geographical origin. 
In this study the metal content in tea leaves is determined by inductively coupled plasma optical 
emission spectrometry (ICP OES) and atomic absorption spectrometry (AAS). The plasma 
techniques have the advantages of high sensitivity and multi-element determination and the 
principal advantages of the AAS techniques are the high sensitivity in the case of graphite 
furnace AAS (GF AAS). The hypothesis is the application of PCA and LDA on the data 
obtained from the multi element analysis is capable of distinguishing the tea leaves from 
different provinces.  
2. MATERIAL AND METHOD 
2.1. Materials and Reagents  
Forty-nine samples of the variety LDP1 (a hybrid variety having pleasant flavor and high 
yield, between Dai Bach Tra and PH1) were randomly collected during 12/2016 at different tea 
plantations in Phu Tho, Yen Bai and Tuyen Quang provinces. Samples were taken in the form of 
fresh leaves being suitable for processing green tea. The fresh tea leaf samples were pre-dried at 
50-60 °C before being brought to analyze at the laboratory.  
Water purified in a Milli-Q system (Millipore, USA), was used throughout the work. Nitric 
acid of supergrade was from Merck (Damstadt, Germany). Calibration solutions were prepared 
fresh daily by serial dilution of working solution (100 mg/L) in HNO3 solution. Stock solution of 
multi-element for ICP was obtained from Merck (Germany) with the concentration of 1000 
mg/L. 
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2.2. Sample preparation 
Acid digestion of the tea samples was carried out before analysis. The tea leaves were 
grinded in small pieces before being brought to the microwave digestion system CEM 5 (CEM 
Corporation, USA). About 0.2 g - 0.5 g sample was weighed to put into the sample container of 
the microwave oven, which was added with 2.5 mL of 70 % concentrated acid nitric HNO3 and 
2.5 mL of distilled water. The samples were digested in the oven with the temperature 200 °C 
and pressure 400 psi during 45 min. After being digested, the sample was transferred to a 25 mL 
volumetric flask. 
2.3. Determination of dry weight content  
Since the calculation of metal content is based on the dry weight content of each sample, 
the dry weight content was determined by drying the samples to constant weight in dryer 
1350FX -2CE at 105 °C until there is no change in the sample’s weight (TCVN 5613:2007). 
2.4. Instrumental analysis 
The metal content of the inorganic portion from all tea leave samples after treatment were 
analyzed by ICP-OES. An Optima 7300 DV ICP OES spectrometer (PerkinElmer, MA, USA) 
was used for elemental analysis. The analytical procedure was following the TCVN 6665:2011. 
The spectral length for measuring each element was following: K (766.490 nm), Ca (317.933), 
Mg (285.213), Al (396.153), Ba (233.527), Fe (238.204), Cu (327.393), Zn (206.200), Na 
(589.592), B (249.677), Ni (231.604), and Sn (189.927). The determination of Hg was carried 
out using AAS Varian 240 with mercury lamp. The standard solution series were prepared from 
working standard solution in HCl solution 5 M and NaBH4. The measurement was done on AAS 
under the absorbance lengh at 253.7 nm. Pb and As was determined by Graphite Furnace AAS 
(GFAAS) (Varian 240) after the digestion of the samples. The absorbance length for 
measurement of Pb was 283.3 nm and As was 228.8 nm.  
2.5. Statistical analysis 
Statistical analyses were performed using the general linear model of the statistical analysis 
program SPSS (version 24.0, USA). All sample preparations and measurements were conducted 
with triplicates in the present study. Quantitative data were subjected to principal component 
analysis (PCA) and linear discriminant analysis to evaluate the relationships in terms of 
similarity or dissimilarity among groups of multivariate data.  
3. RESULTS AND DISCUSSION 
3.1. Multi-elemental compositions in tea leaves by ICP-OES 
Quality control of the analytical method was done with the validation of the measurement 
based on the standard substances. The metal contents of the tea leave samples were determined 
by using the standard curve constructed for each element. The limits of detection (LOD) for all 
elements were estimated from three times the standard deviation of the blank measurements. The 
limit of quantification (LOQ) values of the ICP-OES and AAS were determined as follows: Al 
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(0.5), As (0.02), B (1.5), Ba (1.5), Ca (1.5), Cd (0.03), Cr (0.025), Cu (1.5), Fe (0.37), K (1.5), 
Hg (0.05), Pb (0.013), Se (0.020), Mn (1.5), Mg (1.5), Na (1.5), Ni (1.0) and Zn (1.5), which are 
adequate for the determination of trace elements concentrations in tea. 
Tables 1, 2 and 3 show the summary (mean, max and min) value for the contents of 18 
elements in tea leaves from Phu Tho (30 samples) Yen Bai (10 samples) and Tuyen Quang (9 
samples). 18 elements were classified as macro-elements (Ca, Mg, K, Mn, Al), micro-elements 
(Cu, Fe, Zn, Na, B, Ba), and heavy metals (Pb, Cd, Hg, Ni, Se, Sn) and metalloid element (As). 
Macro-elements are the elements having content more than 200 mg/kg dry weight, and the 
micro-elements from 10 to 200 mg/kg. The heavy metals accumulate in green tea leaves at much 
lower level, Pb, As, Cd and Hg was measured at ppb level. Among the investigated elements, K 
content was the highest in all the tea leaf samples from the three provinces, followed by that of 
Ca, Mn and Al. As was not detected in any sample from the three provinces while Cd could be 
found at much lower level.  
Table 1. Macro-element content in tea leaves (mg/kg dry weight). 
Growing area   Mn K Mg Ca Al 
Phu Tho 
Mean 883.83 16807.68 1918.61 6292.17 1243.82 
max 1746.50 26051.89 2425.94 11787.71 2257.83 
Min 320.70 11179.43 1423.52 4293.27 670.07 
Tuyen Quang 
Mean 648.22 19964.06 1613.83 3119.08 414.27 
max 1127.40 21762.47 1754.61 3250.45 739.61 
min 409.21 18484.14 1418.88 2807.84 237.96 
Yen Bai 
Mean 1258.56 16519.91 1672.55 5229.15 1238.20 
max 2149.15 19785.61 2160.74 6810.78 2454.48 
min 477.81 12203.49 1431.54 3706.98 456.97 
Table 2. Micro element content in tea leaves (mg/kg dry weight). 
Growing area  Ba Fe Cu Zn Na B 
Phu Tho 
Mean 30.46 121.97 22.60 17.27 75.28 16.90 
max 58.44 212.43 47.62 23.97 142.28 27.78 
Min 11.69 79.56 14.04 10.62 10.76 11.45 
Tuyen Quang 
Mean 14.26 86.85 22.91 23.45 133.83 13.16 
max 22.48 112.48 27.97 26.80 228.14 15.67 
min 8.85 64.98 19.59 21.20 77.94 12.00 
Yen Bai 
Mean 29.34 64.89 15.20 13.86 72.41 17.53 
max 57.66 75.36 18.96 21.92 86.64 25.16 
min 13.42 47.99 12.44 7.14 41.73 9.98 
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3.2. Discrimination of the geographical origin of tea by statistical analysis 
All of tea samples coming from three different provinces were LDP1 variety and collected 
at the same time. The contents of each element were evaluated with 49 tea leaf samples and used 
as a chemical descriptor in the statistical analysis for the discrimination of tea according to their 
geographical origins. To obtain suitable classification rules for assigning categories to samples, 
supervised learning pattern recognition methods were applied. We have 49 samples and three 
categories; each category was originated from one province where tea leaf samples were 
collected. 30 sample from Phu Tho province (sample 1-30), 10 samples from Yen Bai province 
(sample 31-40) and Tuyen Quang province (sample 41-49). 
Table 3. Heavy metal content in tea leaves. 
Growing area  Pb (ppb) Se (ppm) Ni (ppm) Sn (ppm) As (ppb) Cd (ppb) Hg 
(ppb) 
Phu Tho 
Mean 0.65 6.81 6.01 9.46 0.08 0.08 0.09 
max 1.19 17.60 11.30 21.44 0.81 0.33 0.19 
Min 0.15 0.00 4.16 4.16 nd nd 0.03 
Tuyen Quang 
Mean 0.54 6.67 5.15 6.85 nd 0.01 0.07 
max 0.67 10.04 8.46 9.31 nd 0.08 0.19 
min 0.41 2.93 3.02 3.18 nd nd 0.02 
Yen Bai 
Mean 0.26 6.50 6.37 7.99 nd 0.01 0.10 
max 0.40 9.60 9.71 10.63 nd 0.09 0.19 
min 0.14 3.90 4.32 6.40 nd nd 0.09 
nd: not detected 
Principal component analysis (PCA) was performed on the concentrations of elements to 
enable a discrimination of the tea. Initially, PCA was carried out using the data matrix built with 
49 tea samples and 18 variables of metal contents (Ca, Mg, K, Mn, Al, Cu, Fe, Zn, Na, B, Ba, Pb, 
Cd, Hg, Ni, Se, Sn and As concentrations). With 49 rows and18 columns, it is quite complicated 
to get an overview of what kind of information is available in the data. Therefore, PCA provides 
the tool needed to get the new variables which best explains the variation in the whole dataset. 
The new dimension of the dataset is shown in Figure 1a and 1b. All the metals under study are 
the dominant variables in the first two principal components (PC) which represents 30.80 \% and 
20.36% of total variability, respectively. All the tea leaf samples were classified into 3 groups, 
Group 1 contained tea samples from Phu Tho and Yen Bai and characterized by Na, K, Zn, As. 
Group 2 contained the tea samples from Phu Tho and Tuyen Quang and characterized by the 
content of B, Mn, Ba, Ca, Al, Mg, Ni, Fe; group 3 contained the tea samples from Phu Tho and 
characterized by Cu, Se, Sn Cd. It was, however, the separation among the tea samples from 
different province was not very neat. 
Linear discriminant analysis (LDA) of elemental concentrations measured by ICP-OES and 
AAS in tea leaf samples from different geographical origins was applied to classify groups and 
to assign tea samples to the groups. After applying LDA, discriminant functions (F1 and F2) 
correlated with the variables were obtained. Function 1 (F1) accounted to 92.2 % of total 
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variance of the data set while F2 accounted for 7.8 % of variance (Table 4). The coefficients of 
the different variables in the discriminant functions for tea classification were shown in Table 5. 
In this study, the calculation was performed using 18 variables (Ca, Mg, K, Mn, Al, Cu, Fe, Zn, 
Na, B, Ba, Pb, Cd, Hg, Ni, Se, Sn and As) for classifying all tea samples (Phu Tho, Yen Bai and 
Tuyen Quang), in which 4 elements Fe, Mg, Cd, As were mainly related to F1 while the rest 14 
elements related to F2 (Table 6). Fig. 2 shows the distribution patterns of all tea samples 
according to their origins in the plot defined by the discriminant functions. Tea from Phu Tho, 
Yen Bai and Tuyen Quang province were completely separated, accordingly tea from Phu Tho 
were completely discriminated from Yen Bai and Tuyen Quang province by the function F1, 
while F2 could be used to discriminate the tea from Yen Bai and Tuyen Quang province. This 
confirms that tea from different province shows unique elemental fingerprint characteristics that 
can be differentiated one from another and these techniques (PCA and LDA) are able to create 
for clear separation of tea leaf from identical province. However, LDA method could provide 
better discrimination of tea geographical origin over the PCA method. 
  
Figure 1a. The distributions of tea leave samples in 
PC1 and PC2. No 1-30: samples from Phu Tho, 
No31-40: Yen Bai and No 41-49:  Tuyen Quang. 
Figure 1b. Correlations between loadings and 
factors. 
Table 4. Eigenvalues. 
Function Eigenvalue % of Variance Cumulative % Canonical Correlation 
1 37.567 92.2 92.2 .987 
2 3.164 7.8 100.0 .872 
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Figure 2. The distribution patterns of tea samples according to their origins by the discriminant functions. 
Table 5. Standardized Canonical Discriminant Function Coefficients. 
Element Function Element Function 
1 2 1 2 
Na .186 -.408 Al 12.081 1.388 
K .835 2.443 B .467 -.505 
Mg -3.861 -.761 As -.260 .206 
Ca -8.752 -.344 Pb 1.670 -.430 
Ba 7.427 1.492 Se 1.228 -.028 
Mn -1.081 -1.128 Cd .241 -.602 
Fe -7.197 .461 Ni 1.622 -.009 
Cu -.098 -.784 Sn .834 .350 
Zn 5.892 -1.725 Hg -.027 1.091 
4. CONCLUSION 
Element contents of Vietnamese green tea leaves were determined using ICP-OES, AAS 
non-flame and GFAAS. Totally 18 elements were determined at different concentration levels, 
showing the variation of elemental content in tea leaf samples. While the factor of seasonality, 
maturity and variety was eliminated in this study, it shows the significant variation of element 
content in green tea leaves from different provinces. Our results prove that classification of tea 
leave samples from the three important producer provinces in Vietnam based on its chemical 
components is possible with a high level of performance, even when a very small number of 
samples are available for analysis. Among the 18 elements found in the composition of tea leave 
samples, the LDA shows that Fe, Mg, Cd, As are components with major discriminating power 
Growing areas 
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for the samples. Among the contributions of this study, we highlight recognition of geographical 
origin of tea, which is useful for authentication purposes. For instance, producers can establish a 
certificate for identification of tea produced in a determined region. Our analysis also shows 
which chemical characteristics are most significant in distinguishing tea samples from the three 
regions. Understanding the behavior of elemental components is also important as it serves as an 
information source for companies to preserve, maintain and ensure quality of tea, which is a 
substantial matter since tea is the important industrial crop in for domestic consumption and 
exportation. 
Table 6. Structure Matrix. 
Element Function Element Function 
1 2 1 2 
Fe -.130
*
 -.090 Mn .020 .221
*
 
Mg -.085
*
 .068 Ba -.040 .194
*
 
Cd  -.068
*
 .023 K .027 -.190
*
 
As  -.036
*
 .011 Cu -.050 -.189
*
 
Zn .013 -.473
*
 B -.022 .186
*
 
Al -.052 .292
*
 Pb  -.085 -.172
*
 
Na .044 -.277
*
 Hg  -.009 .117
*
 
Ca -.090 .245
*
 Mn .020 .221
*
 
 
*. Largest absolute correlation between each variable and any discriminant function. 
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 TÓM TẮT 
PHÂN BIỆT NGUỒN GỐC ĐỊA LÍ CỦA CHÈ DỰA TRÊN THÀNH PHẦN KIM LOẠI               
ĐẶC TRƢNG BẰNG PHƢƠNG PHÁP PHÂN TÍCH ICP-OES VÀ AAS  
Nguyễn Thị Thảo*, Vũ Hồng Sơn 
Viện Công nghệ Sinh học và Công nghệ Thực phẩm, Trường Đại học Bách Khoa Hà Nội, 1 Đại 
Cồ Việt, Hà Nội, Việt Nam 
*
Email: thao.nguyenthi@hust.edu.vn 
Trong nghiên cứu này, hàm lƣợng kim loại của 49 mẫu chè lấy từ các tỉnh khác nhau ở 
miền Bắc Việt nam đƣợc xác định bằng phƣơng pháp ICP-OES và AAS. Tổng số 18 kim loại 
đƣợc xác định bao gồm các nguyên tố đa lƣợng nhƣ Al, Ca, K, Mg, Mn, các nguyên tố vi lƣợng 
nhƣ B, Na, Ba, Fe, Cu và Zn và kim loại nặng (Pb, Cd, Hg, Ni, Se, Sn) cũng nhƣ As. Hàm lƣợng 
các kim loại trong các mẫu lá chè dao động trong phạm vi khá lớn. Hàm lƣợng K chiếm lƣợng 
lớn nhất trong các mẫu, tiếp theo là Ca, Mg, Mn. Các nguyên tố lƣợng vết đƣợc tìm thấy trong 
các mẫu với hàm lƣợng khác nhau. Phƣơng pháp phân tích thành phần chính (PCA) đƣợc áp 
dụng để xác định sự khác biệt về hàm lƣợng kim loại trong các mẫu khác nhau nhằm thiết lập 
mối tƣơng quan giữa mẫu và các thành phần kim loại (biến số). Hàm phân biệt tuyến tính (LDA) 
đƣợc sử dụng để phân nhóm các mẫu chè dựa trên hàm lƣợng nguyên tố. Trong số 18 nguyên tố 
đƣợc tìm thấy trong lá chè, phân tích LDA chỉ ra Fe, Mg, Cd và As là thành phần có khả năng 
phân biệt lá chè từ các vùng rõ nhất. Kết quả nghiên cứu khẳng định đƣợc các nguyên tố đặc 
trƣng có thể dùng để phân biệt mẫu chè từ các vùng khác nhau dựa trên PCA và LDA. Tuy 
nhiên, phƣơng pháp LDA có thể phân biệt chè từ các nguồn địa lý khác nhau tốt hơn PCA. 
Từ khóa: lá chè, Camellia sinensis L, kim loại, nguyên tố, kim loại nặng, truy xuất nguồn gốc. 
 
 
